Abstract: Current measures of health literacy have been criticized on a number of grounds, including use of a limited range of content, development on small and atypical patient groups, and poor psychometric characteristics. In this paper, we report the development and preliminary validation of a new computer-administered and -scored health literacy measure addressing these limitations. Items in the measure reflect a wide range of content related to health promotion and maintenance as well as care for diseases. The development process has focused on creating a measure that will be useful in both Spanish and English, while not requiring substantial time for clinician training and individual administration and scoring. The items incorporate several formats, including questions based on brief videos, which allow for the assessment of listening comprehension and the skills related to obtaining information on the Internet. In this paper, we report the interim analyses detailing the initial development and pilot testing of the items (phase 1 of the project) in groups of Spanish and English speakers. We then describe phase 2, which included a second round of testing of the items, in new groups of Spanish and English speakers, and evaluation of the new measure's reliability and validity in relation to other measures. Data are presented that show that four scales (general health literacy, numeracy, conceptual knowledge, and listening comprehension), developed through a process of item and factor analyses, have significant relations to existing measures of health literacy.
Introduction
Health literacy, defined as an individual's ability to obtain health-related information and use it to make decisions, 1 is increasingly recognized as an important factor in patient health. Several reviews show that individuals' health literacy is related to their health status, function, and use of services 2, 3 and it has even been related to increased risk of mortality. 4, 5 The existence of effective interventions to improve health literacy 6, 7 highlights the possibility that improving this may be a strategy for improving health outcomes and addressing race-and ethnicity-related health disparities. 8, 9 Commonly used measures of health literacy include the Test of Functional Health Literacy in Adults, or TOFHLA, 10 the Rapid Estimate of Adult Literacy in Medicine, or REALM, 11 and the Newest Vital Sign. 12 Each measure has strengths and weaknesses. The TOFHLA, for example, assesses patients' ability to understand what they read as well as their numeracy skills. However, limitations of the TOFHLA are the requirement that the clinician administering it be trained and the time required for the clinician to individually administer and score it, typically at least 30 minutes − the time required for administration thus limits its use in clinical and research settings. A shorter version, the S-TOFHLA, is available 13 but suffers from ceiling effects (many people achieve high scores) that limit its use in research since a limited range of scores affects the ability to detect its relations to other variables.
The REALM also must be administered, scored, and interpreted by a trained clinician. Also, this measure only assesses health literacy as patients' ability to correctly pronounce a series of health-related words (eg, anatomical terms and the names of diseases and conditions) and thus does not directly assess their ability to understand what they read. The REALM does not assess numeracy skills, consistently shown to be an important aspect of health literacy. The Newest Vital Sign only assesses patients' comprehension of a single food label and thus only taps a very narrow range of skills; it may have limited use except perhaps for the purpose of detecting whether a patient has poor reading comprehension skills.
Baker noted the limitations of existing measures of health literacy some time ago, 14 and problems encountered in assessing health literacy were summarized more recently by Pleasant and McKinney 15 and in an empirical review by Jordan et al. 16 Existing measures have been criticized for assessing a limited set of skills and for their development using patients drawn from single racial, ethnic, age, or socioeconomic groups. Other criticisms have noted the limited content and face validity of the measures and limited demonstrations of the measures' construct validity. 16 Further, although both Spanish and English versions of several measures are available, they were not developed using psychometric procedures that establish their equivalence across languages, making comparisons difficult.
An issue limiting the usefulness of the TOFHLA is the response format it uses in evaluating reading comprehension. The TOFHLA uses the "cloze" procedure 17 to assess reading comprehension. In this approach, comprehension is tested by asking the person assessed to supply a word missing in a sentence (eg, "The sky is _____"). This approach may create items that are differentially more difficult for older persons. Cloze procedure performance has been related to information processing speed and verbal fluency, which are reduced in older persons, 18 and data presented in a paper currently submitted for publication from our group suggest the presence of differential item functioning (DIF) on a significant number of items from the reading comprehension subtest of the TOFHLA, for people over 50. Item DIF occurs when individuals from different groups, such as men or women or racial groups, who have the same level of ability, have different probabilities of answering an item correctly. The empirical finding of this kind of difference is usually interpreted as evidence that some factor besides the person's actual ability affects their performance, perhaps cultural, linguistic, or some other bias. 19 The finding of age-related DIF on the TOFHLA reading comprehension subtest suggests that other item formats (eg, multiple choice questions) may be more appropriate for use in assessing health literacy in older persons.
Almost all existing paper-and-pencil measures require hand scoring, making them time-and effort-intensive. Clearly, a computer-administered and -scored measure of health literacy would make an assessment more accessible in both the clinical and research settings by reducing demands on clinician or researcher time, while better standardizing the measure's administration. Integration of such a measure into an electronic health record might allow for inclusion of health literacy scores into patients' health records. This would transmit information about patients' level of health literacy directly to treating clinicians, allowing them to better understand patients' information needs. The automated assessment of health literacy might also allow for the automated tailoring of disease-related information, a strategy previously shown to be effective in influencing patient behavior 20, 21 and which may be effective in reducing health disparities. 22 Pleasant et al 23 have argued that new measures of health literacy should be multidimensional and assess health literacy as a latent construct. A multidimensional approach would recognize that functional health literacy comprises a number of distinct skills or abilities, such as reading, listening, and performing quantitative operations. 1 Evaluation of latent constructs is frequently used in psychological assessment to study an ability or trait that cannot be directly measured. Multiple test items believed to be related are administered, and then, what they have in common is statistically extracted, usually with factor analysis. Many item response theory (IRT) models approach the measurement of abilities as latent constructs and have been used to develop assessments of health literacy. 24−26 Pleasant et al 23 also suggested that assessments should recognize that measures are most likely to be accurate when they are similar to the context in which the actual behavior occurs. Assessment using a video simulation of a clinical encounter, for example, may be more accurate than asking for responses to written questions.
Jordan et al 16 reported a review of existing health literacy measures and found many of them lacking in important measurement characteristics. These authors noted the great variability in the content assessed by measures and the lack of a coherent conceptual model underlying them. Although measures such as the TOFHLA and the REALM submit your manuscript | www.dovepress.com
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provide descriptive score categories, such as "adequate" or "inadequate" to assist in interpretation, the rationale for them is not clear. Jordan et al 16 also reported limitations in the construct validity of the different measures, noting that the correlations of the measures with other measures of health literacy and reading are quite variable. These findings imply that different measures may actually evaluate different abilities and skills, calling into question the typical interpretation of measures of the same construct, an issue also raised by Haun et al. 27 Finally, Jordan et al 16 assessed the feasibility of actually using the measures they reviewed, noting that the need for time, individual administration, and scoring was a substantial limitation that may limit their use.
Several researchers have addressed these limitations in developing new assessments of health literacy. In work reported by Hahn et al 24 and by Yost et al, 26 researchers created a health literacy assessment using a touch screen computer format they called the "Health Literacy Assessment Using Talking Touchscreen Technology," or Health LiTT. Their measure, developed in Spanish and English 26 allows for automated administration and scoring and was developed using IRT methods. Data on this measure's development in Spanish is limited, however, and the sample of Spanish-speaking adults used in the development efforts was not clearly characterized with respect to bilingualism or linguistic preference. How the Spanish-speaking participants were chosen to be tested in Spanish or English was not clearly described nor was their level of acculturation. The measure is not equivalent in Spanish and English, as the test stimuli differ in the two versions of the measure, limiting its usefulness in research, and both the Spanish-and English-speaking groups were patients in primary care with low levels of educational attainment. Although clearly a relevant population, the development of the measure with persons likely to have a limited range of ability may indicate that the measure will not function well in assessment of persons with higher levels of ability. The importance of understanding patients' English competence when information is delivered to non-native speakers has been shown in studies by several investigators. 28, 29 Thus, the measure may replicate the commonly observed ceiling effect from the TOFHLA. The Health LiTT measure is not based on a coherent theory or conceptual model of health literacy, although the authors link its development to an existing descriptive definition of health literacy. 26 Further, the reading comprehension section of this measure continues to rely on the cloze procedure, which as noted above, may result in items that are differentially more difficult for older participants. Finally, in a 2011 publication, the authors reported that the Health LiTT would be available through The Assessment Center (http://www.assessmentcenter.net), a free online resource that allows investigators to access a standardized set of measures for use in research. At the time of this writing, however, it is not available on this site. The actual availability of this measure for use is not clear.
Lee et al 25 developed an instrument based on the REALM, selecting items based on analyses of DIF between Spanishand English-speaking patients seen in a primary care clinic. As with other measures of health literacy, this measure continues to tap a narrow range of content and has limited demonstrations of its relation to other measures that might help establish its validity. It does not assess numeracy at all and only provides a limited assessment of comprehension. It thus suffers from some of the limitations others have criticized, including sampling a limited range of content, uncertain relation to actual health behaviors, and development on a small population of clinic patients.
A group at the Research Triangle Institute led by Lauren McCormack has also developed a new measure of health literacy, the Health Literacy Skills Instrument (HLSI). 30, 31 This measure was developed using a rigorous psychometric approach and can be computer administered and scored. The development population was broader than that used to create most other measures (research volunteers versus clinic patients in many other studies), and the development population was large (several thousand). Analyses of its validity have been presented. 30, 32 The manual for this measure, however, does not provide directions for administering the measure, either in person or by computer, raising questions about whether the measure could be reliable without a standard approach to administration. 31 The authors have suggested that the measure can be administered as a paper and pencil test, but it uses an audio recording to assess listening comprehension and requires access to several web pages to answer two questions, thus raising questions about how this might be possible. Such an administration would, again, not be standardized, raising questions about the validity of this form.
Although the article describing the measure stated that five subscales could be constructed from the 25 items in the final measure, the final test manual provided by the authors does not describe how to score them, nor does either of the articles describing its development and use provide data on the psychometric characteristics (reliability, validity) of the subscales. The manual for the measure states that it assesses oral health literacy, and this statement appears to refer to two items on the measure that require that the person assessed listen to a telephone menu recording and determine which button on the telephone to press. It thus assesses listening comprehension with two items. Similarly, the measure states that it assesses "information seeking" skills on the Internet, but this statement refers to two items in which a hyperlink is provided that takes the person assessed directly to a web page. 31 The two pages include calculators for calories burned during exercise and risk for heart attack. While these are useful information skills, these items do not actually assess an individual's ability to locate information on the Internet, an increasingly important skill. 33, 34 Finally, the HLSI is not available in Spanish, so it may have limited usefulness with the most rapidly growing minority population in the United States.
This measure thus addresses many of the issues previously raised in critical evaluations of measures of health literacy. Its psychometric characteristics have been established, and it taps a wider range of content than do other measures. It includes two items tapping listening comprehension, although it appears likely that these items cannot be used as a separate scale. The measure can be computer administered and scored, but no standard format for this administration is provided, raising questions about the reliability of test scores that might result from diverse approaches to administration. It can be administered by computer, but as described, it appears likely that this administration format requires the use of a computer mouse to answer questions and to navigate hyperlinks. Given the difficulty many elders and others with little computer experience have in using a computer mouse (and especially the fine psychomotor skills required to click the small dots used by this instrument, to select a preferred answer), it is likely that the format of administration as developed, may place the very groups in which health literacy is most important at a disadvantage when responding to its questions. Although it includes items that mimic healthrelated calculators that might be found on the Internet, they do not actually evaluate Internet information search. As the web pages are on an external server, the ability to administer them requires an Internet connection and limits the ability of users to administer the measure by paper and pencil. Finally, the measure is brief, does not have separate subscales for skills such as reading, numeracy, and listening, and is not available in Spanish.
As summarized by Pleasant and McKinney 15 and suggested by Jordan et al, 16 many workers in the field have argued that new measures of health literacy should be developed that broaden the range of content assessed, are based on diverse groups, and have better demonstrated psychometric characteristics. We are currently engaged in the development of a new measure of health literacy that addresses these criticisms. It samples a wide range of content chosen from the domains listed in the 2004 Institute of Medicine (IOM) report 1 on the competencies needed for adequate health literacy. It is based on a coherent conceptual model of health literacy that has been developed based on our own and others' research. It includes items that assess prose, document, and quantitative literacies in each of the domains. It has been developed through a rigorous two-stage process in which items have been pilot tested, assessed for equivalence in both Spanish and English as well as in younger and older individuals, and has been subjected to assessments of construct and concurrent validity. The measure assesses, not only reading and quantitative skills, but also uses video simulations of health care−related encounters to assess listening comprehension and to provide test stimuli that bear a close relation to the actual situations in which health literacy skills might be applied. By asking questions that assess expressive writing skills (asking, for example, where certain kinds of information would be placed in a form), the measure also indirectly assesses expressive written language skills. The purpose of this paper is to describe the initial development and testing of this new measure and provide preliminary data on its validity and reliability. The new measure utilizes a broad range of item formats and contents, includes listening comprehension, and has been developed in Spanish and English. The English project has been named Fostering Literacy for Good Health Today (FLIGHT), and the related Spanish project has been named Vive Desarollando Amplia Salud (VIDAS).
Methods Overview
This section provides an overview of study procedures ( Figure 1 ). Test items were developed to sample a broad range of health-related content in Spanish and English. The sample on which the measure is validated was purposely drawn from a range of abilities and backgrounds, as evidenced by participants' occupations and educations. In order to accurately characterize Spanish-speaking participants, we developed a procedure to assess language dominance in Spanish-English bilinguals. Items in both languages were created to minimize the impact of regional usage, and data analyses employ a combination of classical test theory 35−37 and IRT 19 techniques. In phase 1, a pool of candidate items was administered to Spanish and English speakers, with approximately one-half of each group aged 50 years or older. Items were screened for difficulty and discrimination (correlation with total score) submit your manuscript | www.dovepress.com
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and for age-and language-associated DIF. The original pool of items was reduced, and some new items were written to enhance the total scale's range of content and difficulty. In phase 2 (currently in progress, with initial results presented here), the items developed in phase 1 are administered to an age-stratified sample of community-dwelling Spanish and English speakers, along with measures chosen to establish the new scale's validity. This paper presents information on the first 93 Spanish-and 105 English-speaking participants who have completed phase 2.
Computer-delivered format
In order to ensure that the resulting measure will be inexpensive and easily deployed, it has been developed These computers have large touch screens (20 inch diagonal measurement) and run the Windows ® operating system (Microsoft Corporation, Redmond, WA, USA) and include self-contained speakers that allow participants to hear all items as they are presented. In another, previous project, we did extensive user testing with the touch screen interface format, iteratively testing the interface, modifying it in response to user comments, and then retesting it. 38 In phase 1, we used the previously developed touch screen format. Interviews conducted after each participant completed phase 1 focused on possible usability and navigation issues as well as on the format and content of the questions.
Item development
A framework for item development was created, based on the domains of literacy skills needed for health outlined in the 2004 IOM report. 1 For each of the seven health-related goals listed in the report (left column in Table 1 ), items were created in one of the three formats commonly used in assessing literacy − prose, document, and quantitative. 39 A 7 × 3 item content matrix was created and used as a guide in item development (Table 1) . Candidate items were developed by individual team members and reviewed by the entire team. The team members represent a range of health professions, including medicine, nursing, social work, pharmacy, and psychology. Each team member has extensive experience in clinical work and thus is familiar with the types of clinical problems encountered by patients in obtaining health care. The lead investigator (RO) has extensive experience with psychometric scale development, with multiple publications on the subject. The team includes a psychologist with a strong background in multicultural and multilingual assessment (AA) who has also published multiple articles on psychometric assessment. Other members of the team have had extensive experience in patient education and assessment.
Some items were first created in Spanish and then translated into English, while others were created in English and translated. A guiding principle in item development was to create items that would be culturally and linguistically equivalent rather than word-for-word translations. 40 From the project's inception, word and item selection have focused on the use of high-frequency words and terms, to ensure that participants would understand all questions. Care was taken to use words, in both languages, that would be understood by persons of varying socioeconomic and educational levels and that were not region-or nation-specific.
Items developed within the 7 × 3 content matrix targeted the component skills of literacy (conceptual knowledge, listening and speaking, writing, reading, and numeracy) as outlined in the IOM report. 1 For example, to assess conceptual knowledge, items that tapped basic health facts were created (eg, "Hemoglobin A1C measures which of the following?"). Listening comprehension was assessed using 60−90 second videos of simulated interactions with health care providers or presentations of health information. For example, one video showed an encounter in which a patient was given a new medication and directions for its use, while another simulated a TV news presentation on finding health information on the Internet. After viewing, participants responded to multiple-choice questions. It was not possible to directly assess participants' oral expression, but questions were created that presented problems that could only be solved by communicating with providers (eg, "Arthur doesn't understand what the doctor says. What can he do?").
Written expression was assessed as "document" literacy, through questions evaluating participants' ability to complete materials, such as insurance forms. "Navigating the health care system" included interpreting hospital maps; some documents and maps included items that asked participants to respond by tapping on the appropriate area of the screen (eg, "Tap on the area where you would find information on how to use toothpaste with a 4-year-old"). Reading comprehension was assessed through questions about passages of varying difficulty levels, and numeracy was assessed through items demanding reading, arithmetic computation, and decision making based on probabilities. Approximately ten items were created for each element in the item content matrix, resulting in 208 candidate items.
Phase 1: initial item testing
This base group of items was administered to 69 Spanishand 73 English-speaking participants. Language dominance of the Spanish-speaking participants who indicated that they also spoke English was assessed by comparing their performance on the relative proficiency indices (RPI) of the reading and listening comprehension subtests of the Woodcock−Johnson ® III Diagnostic Reading Battery (English) and the Woodcock−Muñoz Language Survey ® −Revised Normative Update (Spanish) psychoeducational batteries (Riverside Publishing, Rolling Meadows, IL, USA). Level of acculturation was assessed using the Marin Acculturation Scale. 41 Most participants showed clear superiority in one language or the other (ie, more than one standard deviation difference in RPI scores), including those who indicated they had proficiency in both languages. Only those participants who showed clear evidence of greater proficiency in Spanish completed the Spanish assessment. The importance of actually assessing Hispanic participants' language skills is underscored by a study that showed that Hispanics who state they are fluent in English may function at lower levels compared with native English speakers. 29 Almost half of each language group was 50 years of age or older (30 of 69 Spanish and 29 of 73 English speakers), allowing for the assessment of language-and age-related DIF. As discussed above, we believed that this issue was important in light of our finding that almost one-half of the items on the reading comprehension scale of the TOFHLA showed evidence of age-related DIF. After responding to all items, participants completed interviews during which items were reviewed with them for problems in clarity and to assess whether the items actually measured what was intended. Initial analyses were completed using jMetrik (www.itemanalysis.com) to assess item difficulties, discriminations (item-total correlations) and the presence of DIF. The Mantel−Haenszel chi-square statistic, as well as the Educational Testing Service (ETS) grading system, 42 were used to evaluate DIF, supplemented by review of nonparametric item response curves.
In creating the final item pool for further study, some items were eliminated due to language-related DIF, while other items were rewritten after team consultation. No items showed substantial age-related DIF, supporting our decision to avoid using the cloze response procedure used in other measures, as it might bias items against older individuals. A number of items were either low range or midrange in difficulty; many of these were eliminated when their content or format duplicated other items. Data from interviews were used to rewrite items when participants indicated that an item was confusing or when the interviews showed that the item did not actually assess its target skill. Several new items were created in this phase, in order to broaden the range of content covered and provide items with greater difficulties. Although these items were not subjected to the same developmental testing as the others from phase 1, these will be assessed for psychometric characteristics prior to inclusion 
Phase 2: further development and testing
The purpose of this phase is to validate the new health literacy measure by assessing its relations to other measures of health literacy and of participants' health. A purposive sample with a range of abilities (based on education and occupation) is being recruited over specific age ranges. This strategy is likely to be the most efficient approach to obtain optimal item statistics with relatively small samples. 43, 44 Interested participants are first screened for cognitive status using the Short Portable Mental Status Questionnaire 45 and paragraphs from the Wechsler Memory Scale, 46 using cutoff scores previously developed in a study of computer use in elderly participants (Czaja, unpublished data, 2012). Participants are also screened for vision and auditory abilities, using a visual screener and auditory comprehension of material presented over headphones calibrated with a handheld decibel meter (Digital Sound Level Meter, model 407730; Extech Instruments, Waltham, MA, USA). Spanish-speaking participants are being recruited from several different national backgrounds, including the countries of Central and South America as well as the USA and Mexico. The language of assessment is determined using the procedure developed in phase 1, using the language preference subscale of the Marin Acculturation Scale 41 supplemented with additional testing when participants indicate significant use of both languages.
In addition to the new health literacy items, participants complete a battery of existing health literacy measures (TOFHLA in both Spanish and English; REALM or Short Assessment of Health Literacy for Spanish-speaking Adults (SAHLSA), and the self-report questions developed by Chew et al 48 ) to assess their literacy-and numeracy-related academic skills and basic cognitive abilities. They also provide information on health status, health-related quality of life, and health service utilization. Participants complete assessments in two sessions (individually-administered cognitive and health literacy measures in one, and questionnaires and the health literacy measures administered by touch screen computer in the other) with the order of administration of each session randomly counterbalanced to account for order effects. Because of the length of the assessment sessions, participants can complete both either in a single day (during which they take at least a one-hour break for lunch) or on 2 days. Measures have been selected to allow the evaluation of the relation of the new measure to existing assessments of health literacy; basic cognitive skills; relevant academic skills, such as reading and math skills; and health status variables.
The REALM assesses health literacy based on an individual's ability to read orthographically irregular words in English. As Spanish has few orthographically irregular words, the SAHLSA is administered to Spanish speakers as the closest equivalent. Participants also respond to the self-report health literacy screening questions developed by Chew et al 48 and evaluated in English and Spanish by Sarkar et al. 49 
Sample
Participants are recruited via flyers, presentations at community organizations, and by recruitment from previous studies. Sampling focuses on recruiting groups of Spanishand English-speaking participants in the age ranges 18−30, 31−40, 41−50, 51−60, 61−70, 71−80, and 81 years and older. Recruitment is targeted to various socioeconomic, occupational, educational backgrounds (eg, ranging from grade school to doctoral-level graduate education), and in the case of Spanish-speaking participants, to a range of national origins (Central and South America as well as Spain, Mexico, and the USA). Participants are compensated $80.00 for each completed session. Participants who complete the study in a single day are provided with lunch, and funds are available to reimburse participants for their use of public transportation. All participants have completed both sessions, and none has dropped out of the study between sessions.
Data analyses
The initial analyses assessed each item's relation to overall ability (item discrimination, evaluated as an item-total correlation greater than 0.20) and the extent to which each was equivalent in Spanish and English. Inspection of nonparametric item response curves, chi-square testing for DIF, and ETS classification, in which items are rated depending on the degree and clinical significance of the DIF, 39 were performed. Further analyses included exploratory and confirmatory factor analyses using Mplus (Muthén and Muthén, Los Angeles, CA, USA) and focused on choosing items that were clearly related to content-defined scales (ie, an item that required an arithmetic computation was related to the numeracy scale). These analyses first established that the new measure reflected more than one factor through results of exploratory factor analyses. The judgment of the number of factors to use was based on inspection of the scree plot of eigenvalues. The multiple factor model suggested by the exploratory analyses was then tested in confirmatory models the adequacy of which were evaluated using standard fit indices. Confirmatory models then evaluated the multifactor model with its separate scales reflecting general health literacy (HL scale), numeracy (NUM scale), listensubmit your manuscript | www.dovepress.com Dovepress Dovepress ing comprehension (LIS scale), and conceptual knowledge of health-related facts (FACT scale). The equivalence of the factor model for both Spanish and English speakers was assessed in separate confirmatory factor analyses, for each language group as well as in the combined sample.
Development of scales
Scales of the measure were developed through a combined process of exploratory and confirmatory factor analysis, and rational scale construction. Factor models were evaluated in both language groups separately, and items that did not load significantly on any factor were eliminated. Four scales were developed to reflect general health literacy; numeracy; listening comprehension, based on responses to video-related items; and conceptual knowledge, based on responses to questions that require only knowledge of specific healthrelated facts (eg, "Hemoglobin A1C measures which of the following?"). The fit of this four-factor model was evaluated separately for both Spanish-and English-speaking participants as well as in the combined sample.
Reliability and validity
Cronbach's alpha and correlations of the new measure's scales with the TOFHLA, REALM, SAHLSA, and selfreport questions were calculated in order to evaluate the new measure's reliability and concurrent validity. Known-groups validity was assessed by assigning participants to groups based on their total TOFHLA score and evaluating the ability of the general HL scale to differentiate among them.
Participant satisfaction
After completing the new measure, participants completed a questionnaire based on the Technology Acceptance Model 50 that asked for their ratings of the measure's usefulness, ease of use, enjoyment, and whether they would use it again.
All study procedures were completed under a protocol approved by the Institutional Review Board of Nova Southeastern University. All participants provided written informed consent before engaging in the main study activities; verbal assent was obtained for the completion of initial screening.
Results
Phase 1
The demographic data for phase 1 are presented in the top portion of Table 2 . In phase 1, only data on participant age, race, ethnicity, and education were collected, as the primary purpose of this phase was to screen a larger number of items in order to have a substantial number for use in the validation study in phase 2. The 208 items administered in this phase were evaluated to assess participant difficulties, discriminations, and both age-and language-related DIF. Of the 208 items, 113 items were deleted due to low discrimination (ie, low relation to overall health literacy), presence of language-related DIF, or a combination of low difficulty and redundant content. When several items tapped similar content or skill and had similar levels of difficulty, items were chosen according to the more nearly unique content or for greater difficulty. The demographic data for the samples (93 Spanish-and 105 English-speaking participants) are presented in Table 2 . All Spanish-speaking participants described their racial background as white, consistent with findings from the US Census, 51 while the English-speaking participants were African American, Afro Caribbean, white, and Asian. Consistent with our sampling strategy, the average age of our participants was approximately 50, and the average level of education was equivalent to having completed high school. Our actual recruitment, by target age groups, is also included in this table.
Scale development
Initial exploratory factor analyses suggested the presence of more than one factor underlying our data. Scales (HL, NUM, LIS, or FACT) were created based on results of the preliminary factor analysis, and item content and format, eliminating items with low relations (item loadings) to any of the scales. Confirmatory analyses indicated that some items from the NUM, LIS, and FACT scales were also related to general health literacy, and these were included in the HL as well as the other scales. The fit of the resulting factor models was assessed in confirmatory analyses that evaluated progressively more complex models (encompassing first HL, then adding NUM, then FACT, and then LIS). Fit for the final four-factor model in the combined sample was good, with a nonsignificant chi-square value (χ 2 [df = 2,676] = 2759.22) (P = 0.13), a root mean square error of approximation (RMSEA) value of 0.01, and a confirmatory fit index value of 0.97.
Factor scores for each factor in the combined group were calculated and used in analyses of correlations between the new measure's scales and other measures of health literacy. After scale development, multiple indicators and multiple causes (MIMIC) 52 models evaluated whether any items continued to show language-related DIF; no remaining items showed significant DIF. The final scales are listed in Table 3 , along with example item objectives and measures of scale reliability for each language group as well as for the entire sample. The HL and NUM scales have acceptable reliabilities, but the FACT and LIS scale have borderline to low reliabilities. This suggests that further work is needed in developing these scales, although we note that some items from each scale contribute to the HL scale, which has an acceptable reliability. We suggest that these scales be regarded as experimental, pending further development.
The scale intercorrelations and correlations with other measures of health literacy are presented in Table 4 . The new measure's scales are significantly intercorrelated, reflecting the common composition of HL with the other scales (some items were common to HL and the other scales) but not correlations among other scales (NUM, FACT, and LIS), which were not influenced by common items (ie, no items loaded on pairs of these factors). Thirteen items from the FACT scale and eleven items from LIS are included in the HL scale. This strategy was employed in order to allow us to develop a broad general health literacy scale based on the items that were most closely related to overall health literacy, as suggested by factor analyses.
The new measure's scales are also related to other measures of health literacy. The HL scale correlated significantly Table 3 Scale descriptions, Cronbach's alpha, and examples
Scale Examples
General health literacy (HL): the ability to read and complete mental operations on health care information, including identify relevant information in prose, documents, and figures (39 items). Cronbach's α for Spanish speakers = 0.81; for English = 0.84; for entire sample = 0.84.
Prose: after reading instructions for laboratory test preparation, correctly identify appointment time. Document: correctly identify fields in an insurance form; use an electronic device on a web page to calculate body mass index.
Numeracy (NUM): the application of quantitative skills, including arithmetic operations and appraisal of relations, among numeric concepts, such as ratios and percentages (24 items). Cronbach's α for Spanish speakers = 0.83; for English = 0.82; for entire sample = 0.84.
Quantitative: correctly identify meaning of terms related to probability; correctly identify number of grams of fat consumed in a meal based on values in a table.
Conceptual knowledge (experimental scale; FACT): demonstrate understanding of specific concepts related to health care (15 items). Cronbach's α for Spanish speakers = 0.58; for English = 0.72; for entire sample = 0.67.
Correctly identify the organ treated by a medical specialist, such as a cardiologist.
Listening comprehension (experimental scale; LIS): the ability to acquire and remember information presented orally (13 items). Cronbach's α for Spanish speakers = 0.56; for English = 0.60; for entire sample = 0.58.
After viewing a video of clinician giving information about participation in a clinical research study, correctly identify treatment alternatives.
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(P, 0.01) with the TOFHLA reading and numeracy scales, the REALM, the SAHLSA, and the self-report items. Each of the remaining scales was correlated significantly with the TOF-HLA, REALM, and SAHLSA. That the FACT and LIS scales are significantly correlated with other measures (TOFHLA, REALM, and the SAHLSA) suggests that the constructs they measure (health-related knowledge and listening comprehension) are related to health literacy in spite of these scales' low reliability. The correlations of the new measure's scales with existing measures of health literacy are similar to the correlations found between the existing measures, suggesting that the new measure has substantial concurrent validity.
Known-groups validity
In order to further assess the usefulness of the HL scale, we evaluated its ability to differentiate among participants assigned to groups based on their scores on the TOFHLA. We grouped participants in three groups: those with total TOFHLA scores less than 91 (of 100), those with total scores between 91 and 95, and those with scores greater than 95. Analysis of variance (ANOVA) models were assessed separately for English-and Spanish-speaking participants.
Of the English-speaking participants, 19 were in the group with scores less than 91, 29 were in the group with scores between 91 and 95, and 53 were in the group with scores greater than 95. The ANOVA model for English speakers showed that the HL scale scores differed significantly across the groups (F [2,101] = 23.74) (P,0.001). Post hoc analyses showed that all groups differed significantly from each other (all P,0.01).
For Spanish-speaking participants, 53 participants were in the group with scores less than 91, 22 were in the group with scores from 91 to 95, and 17 were in the group with scores greater than 95. The model for this group also showed that the HL scale scores differed significantly across groups (F [2,92] = 24.72) (P,0.001). Post-hoc analyses again showed that all groups differed significantly from each other (all P,0.01).
Participant satisfaction
The average of the participant ratings of the measure's usefulness, on a scale from 0 to 6, was 5.03 (standard deviation [SD] = 1.25). Their mean rating of how easy it was to use was 5.37 (SD = 0.95). Participant ratings of enjoyment in using the measure were also positive (5.00 [SD = 1.03]) as were their ratings on items asking if they would use the measure again (5.08 [SD = 0.73]). Participant ratings of usefulness, ease of use, enjoyment, or intent to use in the future were not related to the language in which they completed the measure (in t-tests comparing language groups, all P.0.10).
Discussion
The purpose of this study has been to develop and validate a computer-administered measure of health literacy. In this study, health literacy is defined more broadly than in other measures, to encompass the domains of content and skills outlined in the 2004 IOM report, 1 while reflecting the literacy formats of other measures. 39, 53 Our approach has focused on creating a measure that assesses as broad a range of health literacy skills as possible within the constraints of computer administration and scoring. The resulting measure is thus able to evaluate participants' comprehension of written language, understanding of health-related documents, and ability to use quantitative skills in performing health-related tasks and submit your manuscript | www.dovepress.com Dovepress Dovepress making probability-based judgments. By including video vignettes of health-related situations, such as an encounter with a provider giving instructions for a new medication, it also assesses listening comprehension. The new HL scale includes items related to finding health information on the Internet, making it one of the first measures to evaluate these skills. Through the development process described in this paper, it has been possible to create a multidimensional assessment instrument that has significant relations to other measures, suggesting that it has concurrent validity. Participants' reactions to using the measure have been uniformly positive, showing that it may be acceptable for more general use.
Our central purpose in developing FLIGHT/VIDAS has been to develop a measure of health literacy that would address the criticisms of existing measures, as summarized in several reviews. 16, 23 Core issues identified by researchers have been the range of content assessed by measures; their psychometric characteristics, such as reliability and validity; their relation to actual health behaviors; the lack of measures that are equivalent in both Spanish and English; and lack of basis in an actual theory or model of health literacy, with the apparent result that different measures of "health literacy" may actually assess different things. 27 In the FLIGHT/VIDAS project, we have addressed each of these issues by developing and evaluating a model of health literacy; by employing rigorous methods and testing in item and scale development, while creating items with a broad range of content and response formats, including video simulations of actual health encounters; by developing the measure simultaneously in both Spanish and English; and by including a range of measures for use in validating the new measure.
Some time ago, Baker 14 noted that it would be helpful to have a measure of conceptual knowledge of health and illness. In this project, we have attempted to develop just such a measure in the FACT scale that assesses health-related conceptual knowledge. Analyses suggest that this initial attempt has been partially successful. The FACT scale's reliability is lower than may be desirable, but it is significantly correlated with other measures of health literacy. Because of its clear content validity, it may be useful for research in which the role of cognitive skills and disease-related knowledge in health literacy are examined. Chin et al 54 for example, used this strategy. Understanding the relation of specific disease knowledge to health literacy may facilitate the development of measures in which general skills, such as reading or numeracy, are integrated with disease-related knowledge. Researchers have successfully employed this strategy in developing disease-specific health literacy measures, 55 and it may also be useful in guiding the development of interventions.
The model of health literacy underlying FLIGHT/VIDAS explicitly includes conceptual knowledge as an aspect of health literacy. While it may be possible to separate conceptual knowledge from other health literacy skills, our decision to include health-related conceptual knowledge is grounded in research showing that basic knowledge interacts with reading or listening skills in producing competent performances, whether in basic reading among school children 56, 57 or in complex activities, such as sight reading piano music 58 and playing chess. 59 Other research has supported this view in studying health literacy. 54 Implicit in this view of health literacy is the belief that it reflects the ability to carry out complex activities that may include using existing information and skills to solve new problems. 60 Assessing core conceptual knowledge related to health care, from this point of view, is essential to understanding the ways in which health literacy affects the ability to obtain and use health information.
This development process is similar to that taken by others in creating new measures of health literacy. Using IRT techniques and sampling Spanish and English speakers, Hahn et al, 24 Yost et al, 26 and Lee et al 25 have developed measures of health literacy that can be used in both languages and which have clearly defined psychometric properties. The differences in our approach compared with the Health LiTT measure described by Hahn et al include the response formats used (our measure does not use the cloze procedure, as it may have a differential impact on older persons), our focus on the equivalence of items in both languages (the Health LiTT prose passages are different and nonequivalent in the Spanish and English versions), and the use of a sample drawn from the community rather than from clinics. For the new scale, we developed a method to assess participants' language dominance (the language in which they clearly performed better) and assessed participants in that language so that those who completed the Spanish language version of the measure are clearly characterized as to linguistic competence and level of acculturation. As reported by Aguirre et al 28 and Zun et al, 29 Hispanics who complete assessments in English may be at a disadvantage to non-Hispanics whose native language is English, even when they appear to be able to speak and understand English. As there are wide variations in the cultural and linguistic backgrounds of individuals from Spanish-speaking countries who live in the US, 61 the assessment of the Spanishlanguage items with individuals from a number of different submit your manuscript | www.dovepress.com
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Spanish-speaking countries may be an important aspect of making the measure more generally useful.
While the Health LiTT may be more useful in assessing whether patients have deficiencies in health literacy (for example, the authors indicate that they focused mainly on items in the range of sixth-to eleventh-grade-equivalent difficulties [Yost et al 26 ] ), our measure may be more relevant to understanding health literacy in the general population, especially in normal elderly (because the new measure does not use the cloze procedure) and in younger and healthier individuals (because they have been included in our development and validation samples).
The instrument developed by Lee et al 25 may be useful for persons interested in assessing patients' health literacy as their ability to recognize health-related words and link those words to their meanings. This measure is brief and may be used for screening, but it assesses a smaller range of health literacy skills (notably, it does not include numeracy) and is neither computer administered nor scored. Each of these measures, including the one reported upon here, have strengths and weaknesses. We suggest that the advantages of the new measure are that it assesses a broad range of skills, does not use the cloze procedure, and includes items that are equivalent in both Spanish and English.
The limitations of our approach include the indirect assessment of oral expression in the measure (which is only measured by asking participants to imagine their responses to problematic encounters with providers and does not constitute a separate scale); the current modest sample size; and the need to administer the measure by means of computers. While computers are available in many clinical and research settings, they may not be available in many other settings in which health literacy might be assessed. It may be useful to develop a measure that can be administered on more convenient portable devices, such as the iPad ® (Apple Inc, Cupertino, CA, USA), and our long-term development plans include developing such a version. Another important limitation of the FACT and LIS scales are their low reliability in one or both language groups. Because of their clear content validity and relation to other measures of health literacy, these scales may be useful for research purposes. They should be regarded as experimental and potentially useful pending further development.
The purpose of this study is thus to develop and validate an innovative computer-administered measure of health literacy that assesses a broad range of health literacy skills, within the constraints of a computer-administered measure. It is anticipated that by expanding the range of skills assessed, the new measure may have wider usefulness and better ability to predict important health-related outcomes. Two new scales in this measure, the FACT and the LIS, may provide information useful in developing a broader understanding of which skills are most important in particular contexts; for example, listening comprehension might be important to patients' ability to benefit from typical health encounters that rely heavily on clinicians' oral communication of information, while written and numeracy skills might be related to patients' success at following written treatment guidelines or becoming involved in health promotion activities. The new measure's inclusion of items related to health information on the Internet may also be a useful addition to health literacy assessment that merits further exploration as technology becomes more and more important in health care. Given the new measure's relation to existing measures, we believe that we have created a useful and valid measure of health literacy skills. Data collection in phase 2 is continuing and will be completed in 2014. We anticipate being able to make the measure available shortly thereafter.
